Abstract Vascular anomalies have been historically divided into tumors and malformations based on the Mulliken and Glowacki classification system. Vascular malformations are also further subdivided into simple and combined based on vessel types. Surgical treatment has historically been the mainstay of treatment. With the advent of multi-disciplinary vascular anomaly clinics, the use of novel medical treatments, and the increased use of sclerotherapy, the role of surgery has been refined. Surgery is often now used in combination with other therapies and remains an integral tool for the management of the patient with vascular anomalies.
Introduction
Mulliken and Glowacki, in 1982 created a classification system of vascular anomalies [1] . This classification was later adopted in 1996 by the International Society for the Study of Vascular Anomalies (ISSVA) at the 1996 meeting in Rome [2] . This schema divided vascular anomalies into tumors and malformations and provided the framework for great strides in research and treatment. The classification system was recently expanded at the 2014 ISSVA workshop in Melbourne. This revision was essential to fully encompass the advances in knowledge in the past decade and a half. This new system again divides vascular anomalies into tumors and malformations but now provides greater detail including newly named anomalies, clinical associations, and identified genes, further details can be found at www.issva.org.
Vascular tumors are now divided into benign, locally aggressive, and malignant entities. Hemangiomas are subclassified by pattern and location to encompass syndromic associations such as PHACES and LUMBAR, which now allow clinicians to ensure they treat all aspects of the syndrome involved [3, 4] . Vascular malformations are also further subdivided into simple and combined based on vessel types that are involved. There has historically been diagnostic difficulty in the treatment of vascular anomalies, and these new classifications allow for ease of communication between specialists as well as greater understanding of treatment options including medical, interventional, and surgical options [5] .
Surgical treatment has long been a mainstay of management for vascular anomalies, over the years; however, its role has been refined, and in many cases is now used in combination with other interventions to provide for the best possible outcome for the patient and improve quality of life.
Hemangioma
Hemangiomas of infancy generally follow a predetermined course of proliferation and involution, but exhibit wide variation in the rate, duration, and degree of growth and spontaneous tumor regression. The proliferative phase begins in the first few weeks after birth and typically continues for 6-9 months. During this proliferation, there is increased endothelial cell hyperplasia. Following this phase, the growth rate of lesions generally stabilizes and grows with the child. The slow involution phase then begins. Most hemangiomas undergo some degree of involution. Complete involution of the lesion occurs in 50 % of patients by age 5 and in 70 % by age 7 [6 • ]. Other lesions may continue to regress until ages 9 to 10. However, only about half of patients have normal skin after the hemangioma has completely regressed. In the remainder of patients, however, the skin can, however, exhibit various degrees of skin atrophy, a fibro fatty residuum, wrinkling, telangiectasias, yellowish inelastic patches, or scars where previous ulceration occurred during proliferation, which often require surgical correction. Congenital hemangiomas are distinct from infantile hemangiomas and are classified into rapidly involuting and non-involuting subtypes [7] . The non-involuting congenital hemangioma (NICH) often requires surgical management [8, 9] .
There are certain regions particularly within the head and neck, which have specific concerns and indications for early surgical or medical management. Peri-orbital lesions can cause proptosis with corneal exposure, strabismus and amblyopia, optic atrophy, and bony malformation, and require periodic ophthalmologic evaluation throughout the life cycle of the hemangioma. If lesions occlude the visual fields, long-term development of visual pathways may be compromised and is among the most urgent hemangiomas to be treated. Nasal tip Hemangiomas can often cause longterm destruction of the cartilage, and early treatment and often surgical management is indicated to prevent irreversible damage. Parotid hemangiomas are often quite large before they come to presentation and can be difficult to treat. Hemangiomas of the lip can also be troublesome as they often interfere with feeding and are more prone to ulceration [10] .
There are also certain patterns of hemangiomas particularly in the head and neck, which are important to recognize and screen for known associations which may require further surgical management. PHACE Syndrome involves a segmental type hemangioma with associated structural abnormalities of the brain, aorta, eyes, cerebral vasculature, aorta, and chest wall. A recent consensus statement was published creating major and minor diagnostic criteria [3] . Patients with large facial hemangiomas 5 cm or greater appear to have increased risk of PHACES syndrome and should be screened for associated anomalies. Screening includes an MRI of the brain, echocardiogram, ophthalmic examination, and MRA of the chest (Fig. 1) .
Airway Hemangiomas must be looked for in patients who present with hemangiomas in the cervicofacial region that covers a bearded distribution (i.e., the pre-auricular regions, chin, lower lip, and neck) may be associated with subglottic hemangiomas. These hemangiomas may cause significant airway compromise in the proliferative period of growth. These patients should undergo a screening endoscopy to determine if there is airway involvement. Airway hemangiomas may also occur in the absence of skin involvement or in association with lesions of the chest. In such cases, endoscopic evaluation of the airway is advised prior to the implementation of a treatment strategy. Many of these patients require tracheostomy to help prevent airway compromise during the proliferative period despite the concomitant use of medical therapies.
Many hemangiomas do not require medical or surgical management and will involute with simply supportive measures. Propranolol has become first-line therapy for treatment of hemangiomas and has changed the need for surgical management of hemangiomas [11] . Propranolol is very efficacious in preventing the rapid proliferation and therefore, prevents much of the disfiguring proliferation noted with alternative therapies such as steroids. However, there continues to be a subset of patients whom despite the use of propranolol who will benefit from surgical resection. These include patients who fail medical management or have localized disease can be treated easily with excision. Surgical resection is often curative for cutaneous hemangiomas and may be indicated in a number of clinical circumstances. In the proliferative period, when hemangiomas present with a threat to function or are associated with complications such as ulceration, bleeding, and infection or do not respond to pharmacotherapy or other less-invasive alternatives. Hemangiomas that are pedunculated have a high probability of leaving significant fibrofatty residuum. Hemangiomas that persist beyond a reasonable period of time or grow atypically can also be removed. When there is a perceived emotional burden on the child or family and the lesion can easily be removed, leaving no significant cosmetic deformity, resection should also be considered.
The actual timing of surgery is controversial, particularly as the ultimate results of spontaneous involution are very difficult to predict particularly now with the use of propranolol. If surgical excision is required in order to avoid the psychosocial consequences of a visible hemangioma, the operation should be performed during the preschool period, prior to the child is beginning to develop a defined body image.
The surgical approach depends on the size and location of the hemangioma. Although lenticular excision is a wellestablished approach for localized lesions, the length of scarring can sometimes be a disadvantage. Circular excision with purse-string closure has also been described for removal of infantile hemangiomas, with excellent results [12, 13] . The nasal tip hemangioma historically has always required surgical resection to prevent long-term deformities. Nasal tip hemangiomas often require surgical resection; however, with the advent of propranolol, there may be a decreased need for resections [14] thought to be due to decrease the fatty residual bulk that can damage the cartilage. Many techniques are described for correction of nasal tip deformities [15] . These including the standard external rhinoplasty, an elliptical midline incision, and a modified subunit incision described by Waner in 2008 [16] . Parotid hemangiomas can also pose challenges and a large number of patients requiring surgical reconstruction after involution [17] .
Pulsed dye laser (PDL) has also been used for the treatment of cutaneous hemangioma; however, its use in proliferating is controversial. PDL does not prevent the growth of a deep subcutaneous component. The routine use of the PDL is not recommended; a randomized controlled study conducted noted that PDL treatment of uncomplicated hemangiomas had no clinical benefit as compared with observation without treatment [18] . However, PDL is important for the selected treatment of ulcerated hemangiomas that cannot be resected by decreasing pain and promoting more rapid re-epithelialization [19] . This approach is particularly helpful in anatomical areas that are not amenable to resection, such as extensive facial or perineal lesions. Furthermore, PDL can also be used to treating residual telangiectasia left after involution of the hemangioma.
Kaposiform Hemangioendothelioma
Kaposiform Hemangioendothelioma (KHE) is an aggressive vascular tumor, presenting at birth in about 50 % of cases and usually appearing within the first year of life in most other cases. The tumor is usually solitary, and multifocal lesions are rare [20 • ]. Unlike hemangiomas, KHE has no female preponderance and usually occurs in the proximal arms and legs and the trunk including the retroperitoneum. KHE is typically manifested as a plaque-like mass with a deep red-purple hue. It is associated with surrounding subcutaneous edema and induration the degree of which depends on the amount of trapped blood elements and the extent of intralesional bleeding in tissue. KHE lesions can involve adjacent muscle and bone and is locally aggressive but does not metastasize. The mortality rate of this tumor is high, ranging from 20 to 37 %, with bleeding being the primary cause of death. Retroperitoneal involvement has been associated with a particularly poor outcome. These infiltrative lesions can invade skin, subcutaneous fat, and muscle planes. KHEs can cause a coagulopathy called Kasabach-Merritt Phenomenon (KMP), which carries a mortality rate of 20-30 %. This involves platelet trapping resulting in profound thrombocytopenia, an enlarging lesion, and a consumptive coagulopathy with significant hypofibrinogenemia.
While there have not been any prospective clinical trials regarding the treatment of KHE, a consensus statement on management has been published [20 • ]. For medical therapy, both the use of sirolimus, steroids, vincristine, or propranolol have been utilized with small series showing positive results [21, 22] . If a lesion is completely resectable without significant morbidity, it should be surgically removed as this would be curative. Unfortunately, there are relatively few lesions that this is possible for. Arterial embolization has also been used for high-flow tumors including KHE in patients with high-output cardiac failure who have not responded to aggressive pharmacologic management [23] . If a lesion is resectable, embolization can also be performed prior to resection to minimize intraoperative blood loss. 
Lymphatic Malformations
Lymphatic malformations have a prevalence if 2.8 per 100,000 hospital admissions [24] . There are no known racial or sex predilection. Lymphatic malformations encompass a wide spectrum of abnormalities and are considered slow flow lesions. There are three primary types of lymphatic malformations: microcystic, macrocystic, and combined. Lymphatic malformations can be seen in any anatomical region but are more commonly seen in rich lymphatic areas; these include the head and neck, axilla, mediastinum, groin, and retroperitoneum.
Cervical Malformations
The prenatal diagnosis of cervical lymphatic malformations has significant implications. Large anterior cervical and lingual lesions may be associated with airway obstruction, and prenatal diagnosis should influence the mode, timing, and place of delivery. These patients often require the presence of a skilled surgical team capable of performing an ex utero intra-partum treatment or EXIT procedure where an airway is secured, while the infant is still under maternal placental support. Several studies have examined EXIT procedures with large vascular neck masses, and have found it to be essential for the management of these complex patients [25] . Initially endotracheal intubation is desired, however, as many of these lesions have airway involvement, over half of the patients require permanent tracheostomy tube placement [26] . The overall outcome for these patients is poor; those who do survive are often left with permanent nerve palsies and regrowth of the lesion [25, 27] . Large cervical lesions can also be associated with Turner or Noonan syndrome, as well as other congenital anomalies. They carry a high prenatal mortality rate, particularly with hydrops and diffuse lymphedema. Amniocentesis with genetic and family counseling should be provided for these patients. All patients with cervical cystic lesions should have a chest radiograph obtained to determine the presence or absence of mediastinal involvement. MRI is the modality of choice to determine the extent of the malformation and relationship to soft tissues, nerves, muscle, and vascular structures [28] .
Management of these patients is complex and requires a multi-disciplinary team with expertise and long-term followup of these patients. Treatment of patients with lymphatic malformations depends on the clinical presentation, the size of the lesion, the anatomical location, and the presenting complications.
Patients with lymphatic malformations of the head and neck often have numerous functional issues. These include issues with dentition, dysphagia, dysarthria, infection, and bleeding of malformations. Enlargement can occur with infection and in turn may cause obstruction of the airways, requiring intubation or tracheostomy. Psychological sequelae can also arise as the child grows older and becomes increasingly aware of the lesion and present for surgical management.
A multi-disciplinary clinic environment experienced in the nuances of care of children with vascular anomalies should help determine a comprehensive treatment plan that may use both medical and interventional modalities alone or in combination. First-line medical management in our group has transitioned from interferon and other agents to sirolimus. Sirolimus, an m-Tor inhibitor has been shown to improve quality of life and decrease burden of disease in patients with extensive lymphatic malformations [29 • ].
Interventional Management
Sclerotherapy has generally become the first-line treatment for symptomatic macrocystic lymphatic malformations. A number of sclerosing agents have been used, including doxycycline, ethanol, bleomycin, OK-432, and fibrin glue. Doxycycline is most commonly used in our clinical practice; it is an anti-microbial which inhibits protein synthesis [30] . Bleomycin is another sclerosant agent, which has been had some reported success with microcystic malformations [31] . The use of sclerotherapy for lesions in the head and neck is particularly common but should be supported by a multi-disciplinary team. Post sclerotherapy swelling and airway compromise have been noted, and peri-operative intubation or tracheostomy may be required [32] .
Surgical management plays an important role in the management of lymphatic malformations. It has been most useful in resection of microcystic disease not responsive to sclerotherapy, debulking, and resection of smaller lesions. Smaller and superficial malformations are generally amenable to complete excision with excellent results. Larger lesions that involve deep structures of the neck, tongue, and mediastinum entail the risk of multiple complications, including fistula formation, infection, damage to vascular structures, damage to nerves, and cosmetic deformity but are often required to improve functional outcomes.
Lymphatic malformations of the tongue can pose a significant functional problem for patients, as only partial resection is possible, and malformations are microcystic and generally not responsive to sclerotherapy [33] . Partial debulking of the tongue can be performed and residual tissue may be treated with bleomycin, laser, or other coblation treatments [32, 34] . Results are mixed and recurrence of disease is the norm. There are some early positive results with the combination of sirolimus and surgical resection with favorable results.
In general, surgical debulking in patients with overgrowth secondary to lymphatic malformations is important to allow for increased function and improved mobility. This has also been anecdotally shown to decrease infections. This generally involves staged procedures and the uses techniques such as the judicious use of fibrin glue and long term closed suction drains, which are important in the management of the often prolonged lymphatic leakage that may occur post-surgical debulking. We have found the adjunct use of sirolimus has allowed more rapid removal of drains and decreased post-operative complications secondary to lymphatic leakage.
Laser treatment is often very helpful in treating the lymphatic blebs that are present on the skin overlying lymphatic malformations which represent dermal involvement with malformation. This is also often seen within resection scars. These blebs often leak lymphatic fluid and provide a portal of entry for bacteria. Laser ablation using CO 2 or KTP laser helps prevent leakage and cellulitis. Lymphatic vesicles often recur, and re-treatment with laser is often necessary.
Venous Malformations
Congenital venous malformations (VM) are a common vascular malformation and are thought to be due to a localized developmental defect of the vasculature characterized by enlarged endothelial cell venous channels surrounding by sparsely distributed vascular smooth muscle [35, 36] . VM's can be superficial or deep, limited to the dermis and subcutaneous tissues or deeper and can even infiltrate muscle or bone. They can be present throughout the body and grow in proportion to the child and do not involute. The most common symptom ascribed to VM's is pain. Venous malformations may also enlarge and become symptomatic with trauma, puberty, or during pregnancy. Without treatment over time, VM will generally undergo expansion. Coagulation abnormalities are also common with in patients with extensive VM's and must be considered when making plans for intervention.
Interventional Treatment
The treatment of the patient with venous malformations is individualized and best treated within a multi-disciplinary forum. The location of the malformation, extent of the lesion, and most importantly the symptoms of the patient are important to consider in the development of a comprehensive treatment plan with the primary goal-being alleviation of symptoms. When intervention is decided upon, generally sclerotherapy or surgery or a combination of the two is chosen. Low molecular weight heparin is commonly administered peri-procedurally for patients with elevated d-dimers. Our practice is to treat patients for 2 weeks prior and 2 weeks after the procedure.
Sclerotherapy is often considered first-line treatment [37] [38] [39] [40] . Common sclerosants for venous malformations include dehydrated ethanol and detergent sclerosants such as sodium tetradecyl sulfate (STS), polidocanol, sodium morrhuate, and ethanolamine [37] [38] [39] [40] . Surgery may also be performed with pre-operative sclerotherapy to help decrease risks of intraoperative bleeding in these larger lesions and to better define the malformation to be excised and is generally done within 48 h of sclerotherapy. When a lesion is localized, and does not involve vital structures, surgical excision alone can result in excellent outcomes with minimal risk of recurrence. More extensive lesions are generally not amenable to resection or are only partially resectable. Surgical resection of VM may also be useful, when sclerotherapy cannot be safely performed due to the location of the lesion or when a lesion is too large for effective sclerotherapy.
Glomuvenous malformations are best managed by complete surgical resection. These are bluish raised nodules which tend to involve the skin and subcutaneous tissues and are often painful on palpation. Symptomatic glomuvenous malformations are best managed by complete surgical excision if possible. Unfortunately, they are often widespread and not easily amenable to excision.
ArterioVenous Malformations
Arteriovenous malformations (AVMs) are congenital vascular lesions associated with a variable degree of arteriovenous shunting. These high-flow communications between arteries and veins are among the most dangerous vascular anomalies. The fast-flow character of AVMs usually becomes evident in childhood or during puberty. AVMs most commonly occur in the head and neck, but trunk and extremity involvement is also seen. MRA is the best modality to demonstrate extent, delineate the nidus or connections between the arterial and venous systems. Often, pain, expansion of the lesion, ulceration, bleeding, or cardiac decompensation occurs. If symptomatic, intervention is indicated. Intra-arterial embolization of the nidus combined with surgical excision currently offers the best chance for cure, but complete excision may be impossible because of location and extent of the malformation. Complex lesions require creative operations, tailored to individual pathology and anatomy. When lesions cannot be excised, palliative embolization may be appropriate to control symptoms. Embolization techniques include the use of metal coils, particles, and glues such as onyx [41] . Lesions often recur and close followup post intervention is important. Long-term complications include cardiac hypertrophy, cardiac failure, and cardiac instability, as well as hemorrhage and stroke.
Conclusion
Surgery for vascular anomalies is an important tool and should be performed as a part of a comprehensive treatment plan. The surgical goal should be the improvement of symptoms and quality of life rather than eradication of the lesion at the expense of surgical morbidity. These patients should be seen and followed long term in multi-disciplinary vascular anomaly clinics.
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